ABSTRACT Thirty five printers who had work related wheeze, chest tightness, or breathlessness kept two hourly records of their peak expiratory flow for at least two weeks. They all worked in a factory supplied by air from contaminated humidifiers. The peak flow records showed consistent work related deterioration in 15 workers, nine of whom had a diurnal variation in peak flow exceeding 20%. Ten workers kept further records after the humidifiers had been cleaned, other work practices remaining unchanged. There was substantial improvement in all 10 workers, implying that material from the contaminated humidifier was the cause of the work related changes in peak flow. The patterns of work related changes in peak flow fell into four groups: falls maximal on the first work day, falls maximal midweek, falls equivalent each work day, and falls progressive throughout the working week. Three quarters of this last group had immediate prick test responses to humidifier antigen, which were negative in all the others with work related changes in peak flow. This suggests that the progressive daily deterioration pattern alone is due to an IgE mediated response to humidifier antigens. A large range of microorganisms was identified in the humidifiers. No single microorganism appeared to be the antigen responsible for the precipitating antibody seen in 75% of the study population.
Industrial humidifiers are now a well recognised source of respiratory problems, such as humidifier fever and allergic alveolitis; but so far there have been no reports of any association with occupational asthma. Although the cause of these diseases is as yet unknown the excessive growth of microorganisms within the humidification system seems to be a common factor to all outbreaks, and there is every possibility that these organisms or their metabolites are capable of acting on more than one element of the immune system.
The control of humidity is of primary importance in certain industries, especially in printing, where the size of paper sheets varies with changes in their water content; and it is also necessary for comfort to maintain a minimum of 40% relative humidity level Occupational asthma in a factory with a contaminated humidifier the water and sludge of the associated humidifiers, but lower titres of similar antibodies are found in many exposed but unaffected workers. Workers with humidifier fever have a normal chest radiograph and do not develop fibrotic lung disease even after repeated episodes. Extrinsic allergic alveolitis with pulmonary infiltrates and eventual fibrosis may also result from exposure to domestic and industrial humidifiers.23 This disease resembles farmer's lung and may be due to thermophilic actinomycetes in the humidifier, but so far it has only been described in the United States.
We describe an outbreak of occupational asthma in a printing works in which the principal activities were the printing of stationery for computer applications and security printing (such as cheques). The building was supplied with air from two large water spray humidifiers, in which extensive microbial growth had occurred. There was recirculation of both water in the humidifier and a proportion of return air from the factory. A preliminary survey of the factory identified 47 workers with chest tightness, wheeze, breathlessness, or difficulty with breathing that improved on days away from work. The aims of the study were to try to document changes in peak flow in workers with respiratory symptoms that improved on days away from work and to describe the different patterns of airways response in the workers with symptoms.
Materials and methods
An attempt was made to obtain serial records of peak flow from the 47 affected workers with work related respiratory symptoms, a mini Wright peak flow meter being used. Thirty six workers were seen briefly and given instruction in the measurement of peak flow. The remaining 11 were sent their meters with written instructions alone. Workers were asked to record their peak flow every two hours from waking to sleeping for two weeks. On each occasion at least three separate blows were to be made and the best recorded. If the best two blows were not within 20 litres/min of each other then further recordings were to be made until this reproducibility was achieved. Any treatment was kept constant on days at work and days off work, and the time at work was recorded daily. The records were plotted and assessed by standardised methods.46 The mean daily peak flow was calculated for the 24 hours starting with the first reading at work; this mean was plotted with the maximum and minimum peak flow in each 24 hours, with differentiation between days at work and days at home (figs 1-5). The maximum diurnal variation in peak flow was calculated by expressing the difference between the highest and the lowest value in each 24 hour period as a percentage of the highest value. The first two days were excluded from this calculation as the diurnal variation is often wider during this learning period. Each record was assessed without identification of patients to record (a) any deterioration during each of the two "weeks" at work and (b) any improvement during each of the two "weekends" away from work. Definite work related changes were diagnosed if at least three of the four weeks and weekends showed definite changes. Deterioration patterns were classified as worst on the first day of work, equivalent each work day, or progressively deteriorating with each work day's exposure4 In addition, a new pattern was seen with a midweek maximal deterioration and with definite improvement at the end of the working week. Records were classified as inadequate if there were no periods at work, if there were many missing readings. or if major changes in treatment had occurred during the record. Ten workers were asked to keep further records of peak flow after the humidifiers had been cleaned.
Asthma was diagnosed when the diurnal variation in peak flow reached 20% or more on at least one day after the first two days. Definite work related changes were also seen in workers with a diurnal variation in peak flow of less than 20%; these are evaluated separately.
Microbiological examinations were carried out on the humidifier water, the tank sediments, and the baffle plate deposits, conventional methods being used for bacteria, fungi, and protozoa; and several techniques for sampling airborne particulates were used on the printing floor.
Antigens were prepared from humidifier tank and mains water, slime (sludge) from the baffle plates, and air duct dust and also from glass fibre filters exposed in a Staplex air sampler. Each sample was treated with Coca's solution for five days followed by dialysis and freeze drying. The extracts were used at 10 mg/ml for skinprick tests and at 30 mg/ml for the precipitation plates with agar gel and double diffusion.
Three of those with work related asthma were exposed to air from other humidifiers in the factory. They have been omitted from the section dealing with specific antibodies to humidifier antigens as the antigens in these other humidifiers may have been different.
Results
Thirty six meters were handed to individual workers; three were not returned and the records from three were inadequate (two records kept for only three days, one was read to the nearest 50 litres/min Cladosporium-but their concentrations in the humidifier water and in the factory air were low. Solomon7 has, however, reported that a domestic humidifier contaminated with many fungi, including Rhodotorula, precipitated asthma in two asthmatic subjects who used cold mist vapourisers for the treatment of pre-existing disease. The diagnosis of work related asthma in this study was based on a questionnaire and subsequent peak flow recordings. Falls in peak flow with a small diurnal variation can be caused by other diseases, such as allergic alveolitis. No workers at the time of the study had symptoms suggesting alveolitis, but four of those with work related changes in peak flow had symptoms suggesting humidifier fever as well as asthma. Three of these had less than 20% diurnal variation in peak flow, which raises the possibility of another cause for their peak flow changes. But none had peak flow readings with maximal deterioration on the first work day, the time when their symptoms of humidifier fever were maximal.
Patterns of asthmatic response to occupational agents clearly depend on the day to day level of exposure. The humidifier in this factory was run 24 hours a day, so that day to day variations in the microbial content of the air are unlikely to have been sufficient to alter the daily patterns of asthma.
The patterns of work related changes in peak flow fell into four groups: falls maximal on the first work day, falls maximal midweek, falls equivalent each work day, and falls progressive throughout the working week. Positive skinprick responses to humidifier antigens were found in three out of four of this last group (and in none of the others with work related changes in peak flow) supporting the role of IgE antibodies in this pattern of reaction. The skin test reactions were in general small, suggesting that the IgE antibodies were being produced to only a proportion of the humidifier antigens. Two groups showed improvements in peak flow despite continual work exposure-that is, asthma deterioration maximal on the first work day and maximal midweek. Repeated daily challenges occasionally lead to tolerance, but only when the allergen dose is kept below that causing asthma.8 Those with asthma maximal on the first work day have a definite fall inpeak flow on that day, and therefore are unlikely to be in the process of becoming immunologically tolerant to an allergen. The pattern with midweek deterioration with subsequent recovery despite continuing exposure is likely to represent an exaggerated form of the reaction pattern with maximal deterioration on the first work day. Skinprick responses to humidifier antigens were negative in all carried out well in 83% of those who had a brief period of instruction and in 60% of those with whom no personal contact was made at all. Complete records are much more difficult to obtain from workers who believe themselves to be normal; an assessment of the specificity of these records requires recordings to be made in a random selection of normal workers, which was not attempted here. The specificity has been assessed before in selected workers in whom occupational asthma has been excluded by the absence of reactions to provocation tests and by subsequent follow up. If we use the criterion of definite change in at least 75% of periods at work and off work no false positive assessments have been made.45 Less confidence could be placed on the diagnosis of nonoccupational asthma in this study. All records in this group showed wide variations in peak flow. Failure to improve during a period of at least 10 days off work is required before non-occupational asthma can be diagnosed with confidence. 6 The number of equivocal records could also be greatly reduced with more prolonged recordings.
Peak flow recordings proved a useful method of biological monitoring in this factory. A humidifier could not be sterilised for more than a few hours; the need for microbiological control can be assessed by monitoring sensitised workers. The effect of prolonged exposure to humidifier antigens is unknown. One of the affected workers who had been exposed for 10 years had developed severe, largely fixed airways obstruction ( fig 5) . It is at least possible that repeated exposures could have contributed to this.
This study raises a problem about the definition of asthma. Asthma is a disease characterised by airways obstruction, which alters its severity over short periods of time. Hetzel and Clark'°found that the diurnal variation in peak flow (computed from a cosinor analysis and using the mean peak flow as the denominator) averaged 8.3% with a standard deviation of 5.2% in normal subjects. Asthma (or excess diurnal variation in peak flow) may be intermittent and clearly cannot be excluded by a two week record. Nevertheless, there were workers showing definite changes in peak flow related to work who consistently had diurnal variations in peak flow within the normal range. This can occur in asthmatics who develop temporarily "fixed" airways obstruction from continued occupational exposure6 or during episodes of acute severe asthma, particularly those precipitated by infection. It seems a pity to have a different name for the disease with airways obstruction related to work with a low diurnal variation in peak flow. It is likely to represent the same disease as asthma, there being an overlap between the normal and asthmatic populations in this index.
